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By Robert W. Boawinkle, Jr. 

Airvflow surveys In the  vertical plane of symmetry of six 
NELCA  l-series  carling-spinner  combinations and one  MACA  I-series  nose 
inlet have been conducted in the  Langley propellemesearch tunnel  to 
obtain  quantitative  propelle-emoved  flow-field  information useful for 
the  design of propeller shanks and cuffs. The results of the  inveetiga- 
tion  show  that in the  case of the c a r l i m i n n e r  combinations  the 
speeds  and  directions of the flow had appreciable  gradients in the  region 
in which  the  propeller shank8 would normally operate; flow conditione in  
this  region  were also changed  appreciably by changee in the angle of 
attack,  inlet-velocity  ratio,  spinner  proportions, and. cowling  proportions. 
Flow conditions  for the rotating  cowling  were  much  more uniform in the 
propellercEIhank  region  (located  downstream of the  inlet) than w m  the 
case  for  the  cowling-spinner  combinations. Data are  presented from which 
the  flow”speed  ratioe and flaw angle8 may be esttmated for similar con- 
figurations  at angles of  attack and inlet-velocity  ratios  of  the order 
of those investigated. A calculation  of the effects of compressibility 
indicates  that the results  obtained are directly  applicable  for  propeller 
design  for low and  moderate  subsonic  Mach  numbers;  corrections to the - 

data a r e  necessarg  for high subsonic  Mach nunibere. 

INTRODUCTION 

A requisite  for  the  design of propeller shanks and cuffs is a 
howledge of the flow field in the  vicinity of the b d y  to  which  the 
propeller  is  attached. The flaw velocities in the  vicinity of the no88 
of a streamlined body of revolution  can be calculated  easily and with 
good accuracr. The speeds end directions of the flow near an irregularly 
shaped body or one with an a i r  inlet ne= the nose, however,  have  proved. 
difficult  to  calculate;  little  information of this  type  is  available  for 
the  design of propsllere.  Experimental  investigations,  therefore,  have 
been undertaken in the Langley propellemesearch tunnel to supply  these 
urgently  needed propellerdesign data. A study of the flm conditions 
in the  vicinity of the  inlet of an NACA Ds-ty-pe  cowling was reported in 
reference 1. The present  paper  extends  this work by reporting  the 
results  of  air-flaw surveys in the  vicinity of six representative 
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NACA l-mries c u w l ~ p i n n e r  combinations and one NACA l-aeries nose 
inlet (references 2 and 3) suitable  for use aa a rotating  cowling ( the 
type of cowling  in  which  .the forward part  rotates  with  the  propeller  such 
as  the NACA E cowling  described in reference 4). 

* The speeds and directiom of flow  in the vertical  plane of symmetry 
of the model were measured  (without  the  propeller)  by  means of flush sur- 
face  orifices and tufts  installed  on a bisecting  center  plate  &lined  with 
the flaw. The test  conditions  investigated  included  the  values of Inlet- 
velocity  ratio and angle of attack  considered  most likely to  be  encountered 
in both  high-speed and climbing flight. 

cowling-inlet  diameter 

meximum cowling  diameter, 27.25 inches 

maximmu spinner  diameter 

free-etream  Mach  number 

design critical  Mach number of cowling 

test  Mach  number 

cowling  length,  measured  from  inlet  to maximum 
diameter  station 

Bpinner  length,  measured f r o m  s Inner  nose to maximum 
diameter station  of  spinner  ?which  is  located at the 
i d e  t ) 

ordinate  of  polnt  in  vertical  plane  of ByIIIznetrg of 
cowling-epinner  cmblnation,  measured from model 
center  line  (positive upward) 

inlet-velocity  ratio,  ratio of average  velocity of air  in 
inlet to free-etream  velocity 

local  flar-epeed  ratio,  ratio of local flow speed  to 
f’ree-stream  velocity 

angle of attack of model, degrees 

flaw-dlvergence angle refemed to  model  center  line 
(positive  upward), degrees 
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MODEL AM) 

3 

The NACA l-series  nose-inlet  ordinates  (reference 3) and the  metho& 
of their  application t o  the  design  of  the C O T T ~ ~ E  and spinners  used  in 
the  present  investigation are given in table I. The nmber eystem  used 
for  cowlings and spinners  conforming  to  these  ordinates l e  the game as 
the  one  used in references 2 and 3 .  An NACA l-series c o w l w i n n e r  
combination  having d/D = 0.70, X/D = 1.00,' Ds/D = 0.40, and 
Xs/D = 0.80 ie  referred  to as the NACA l-~O-lOO cowling  with  the 
NACA 1-40480 spinner. Thus the  first tern- in the  designations  refer 
to the  series,  the  second terms refer  to  the  cowling-inlet  diameter  or 
rmxlmum spinner  diameter  in'percentages  of  the maximum cowling  diameter 
(cowling-idet-dlameter  ratio and spinnerdiameter  ratio,  reapective-), 
and  the  third tern refer  to  the  cowling  length  or  spinner length: Fn 
percentages  of  the ntaximum cawling  diameter (cowliwlength r a t i o  and 
spinnel--length  ratio,  respectively) . 

The seven cowling  configurations  investigated in these  teste a r e  
shown in figure 1 d o n g  with  the  configuration  previously  investigated in 
the  testa  of  reference 1. The NfLCA l-7O-lOO cowling was tested  with 
short  spinnere of three  different  diameters  suitable for single-rotating 
propellers and one long spinner  suitable fo r  a-aud-otating  propeller. 

flow  quantity  suitable  for  current  gas-turbine and reciprocatiwngine 
installations.  The EIACA 1-70450 cowling  (design PI,, W 0.71) and  the 

with the  short  spinner  of  intermediate  diameter to show  the  effects of 
the  inlet-diameter  ratio and length  ratio  of  the  cowling on the speeds 
and  directions  of  the flaw in the region of the  propeller. The 
NACA 135-100 cowling also was  tested  without a spinner  to  obtain 
information  applicable  to  the  desiep o'f a propeller  for a rotating 
cowling. 

A ,  Design  conditions  for  these  configurations f a l l  in the range of internal- 

i NACA 1+>100 cowling  (design &r W 0.81) were  tested in conjunction 

The  center  plates  used in determi-  the l oca l  speeds  and  dArec- 
tions of the flow in the  vertical  plane of a m t r y  of  the model are 
shown in figures 2 and 3.  Each of the  plates was 0.5 inch  thick and had 
a sharp-nosed  ogival  leading  edge 1.25 inches long. Removable  sections 
were  provided  in  the  two  longer  center  plates  to  permit  the  use  of  these 
plates  with  different  spinners. 

Local flow speeds along the  center  plates  were  determined f r o m  static 
pressures  obtained  from.the flush surface  orifices  installeh in the  left 
sides  of  these  platee. With  the  center plates removed,  the  flow  speeds 
on top of the  spinners and the  cowlings  were  obtained by m e a n s  of  pressures 
measured on the  surfaces. The flow-apeed  ratios near the surfaces of 

agreed well with  thoae  obtained  with  the  center  plates in place;  this 
corroborates  the  validity of the  method  used. 

1. the  spinners and the  cowlings  obtained  with  the  center  plates  removed 

. 
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The flow  directiona along the  center  plates  were  determined f r o m  
photographs  of  tufts  fastened  to  the  right side6 of the  plates.  Check 
runs with  tuft8 on wire8  showed  that  there  were  no  measurable  difference6 
in the  flow angles inside  and  outside  the  boundary  layers of the  center 
platee  except  within  about 1/4 inch  of  the  spinner  surfaces.  Total- 
pressure surveys showed  that  the  boundary  layers in the intersection  of 
the  center  plates  with  the  spinners  were  somewhat  thicker  than  the 
corresponding  boundary  layers on the  isolated epinnere. However, the 
differences in boundary-layer  thickness  were  not  excessive and sepmation 
did  not  occur  for any of the  conditions  investigated. 

The internal-flow  system  of  the model, figure 2, included a 
2morsepower axial-flow fan which  was neceesw to  obtain  the  inlet- 
velocity  ratios  for  the  climb  conditione.  Control of the flow quantity 
was  obtained  by varying the  rotatianal  speed  of  the  fan and the  position 
of the  butterfly-type  shutters.  Internal-flaw  quantities  were  measured 
by means of the  total-predsure and static-pressure  tubes at the  throat  of 
the  venturi and were  checked  by a rake  of  tubes  at  the  exit. A therm- 
couple  attached to the  exit  rake waa used  to  obtain  the  temperature rise 
through  the fan. 

Prior to  the  tunnel  tests,  the  venturi In the  tail of the  model was 
carefully  calibrated  to  assure  the  accuracy  of  the  internal-flow  quantity 
measuraments. It was found  that  accurate  meaeurements  could  be  obtained 
if the fan did  not  introduce  appreciable  rotation in the flow through  the 
throat  of  the  venturi. It wae d s o  determined  that  such  rotation  could 
be  avoided  for 'q desired flow quantity  by  simultaneous  adjuetment  of  the 
fan rotational  speed and the  position of the  flow-control  shutters. Dur-  
ing the  tunnel  tests,  the  existence of a uniform static-pressure  distri- 
bution  in  the  venturi  throat  which waa indicative of the  absence of flow 
rotation w m  established for each  test  condition  by  visual obsemation of 
a multitube  manometer. 

The  test  conditions  investi'gated a m  listed in table II. The inlet- 
velocity  ratios wed for  the  high-epeed  conditiona  correspond  approximately 
for  the NACA l-7O-lOO cowling to the himum value for which an essentially 
flat surface-pressure distributim (reference 2) was obtained  on  the 
cowling;  for  the RACA 1-55-100 cawling and the NACA l-7O-050 cowling  these 
inlet-relocity  ratios were samewhat  above  the  minimum  values. The climb 
inletivelocity  ratios  were  set  arbitrarily  at fkom 1% to 200 percent  of 
these values. Since  the  tufts a d  orifices were imtalled only on  the 
upper halves of the  center  plates,  data  applicable to the flow in the 
region of the bottom of the  model at positive angles of attack  were  obtained 
by testing  at  the  numerically equal negative angles of  attack. 

Teste  on  the NACA 1-55-100 cowling  with  the NACA 1 ~ 0 4 4 0  spinner 
were conducted at 8 tunnel speed of about 100 miles  per hour. All other u 
tests were conducted  at a tunnel speed of about 80 miles per  hour  whicb 
corresponds to a Mach  number  of 0.10 and a Reynolds number of about 1.6 x IO6 
based on the  maximum cowling diameter. ti 
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Basic  data.- The tuft photographs wed t o  determine th6 directions 
of the flow along  the  center  plates  are  presented in figures 4 t o  10. 
Speed-ratio  conto-ms  and  lines of constant flow angle lli the  vertical   plane 
of symmetry of the seven  cowling  configurations  are  presented in f igures  11 
t o  17 for the  test   conditions  tabulated in t ab le  11. In the  case 3f t he  
cowling-spinrer  combinations  the  local  speeds and directions  of  the flow 
have appreciable  gradients i n  the region in  which the  propel ler  shanb 
n o m l l y  operate. Flow conditions in the propeller-hank  region of the 
ro t a t ing  cowling a r e  much more uniform for a .U  the  operating  conditions 
investigated  than is the  case uith the cowlinglspinner  combinations. 

It should be noted  that  Vz/Vo is a scalar  quantity.  The inlet- 
veloci ty   ra t io  Vi/V0 is the  integrated average  of  the local values of  
(Tr~/V,)cos $ . The high  values of 6 a t   t h e  inlet, together  with the 
bomdary layer  oil the  spinner,  account for the  differences between Vz/Vo 
and Vi/Vo near  the  inlet .  It also  should be  noted that the  lines of 
constant-speed r a t i o  are true  contours  and form closed curves  in the  plane 
of the  center  plates whereas the lines of constant flow angle do not 
necessarily  close in thls plane and m y  end at the surface of t h e   m d e l  
or  at a point In space. 

1. The speed-ratio  cantours m e  estfmated  to  be  accurate  within  1-percent . 
It was not  necesssry i n  any  Fnstance t o  r e f a f r  the contours t o  mke them 
consistent when compared on the  basis  of the  various test  variables. The 
values of $ are   bel ieved  to  be accurate u i th in  2 O  throughout the  f low 
region  investigated,  except in the Fmmediste v i c in i ty  of the  cowling  nose 
where it WBB m x e  difficult uith the  tufts t o  get accurate measurements 
af the  high flow angles. Sane -of the flow-angle curves were refaired to 
make then more consistent.  I 

Y 

Effects  of inlet-veloci ty   ra t io .and  ande  of   a t tack.-The  data  
obtained in   the  present   invest igat ion do nclt permit  exact  determination 
of the  var ia t ion of the flow charac te r i s t ics   in  the vic in i ty  of the 
several  cowlings  with V i B o  and a. However, the trends of t h e  flow 
chsrac te r i s t ics  of the cowling of  reference 1 (in which a mre complete 
range of these  variables was covered) may be used a s  a guide i n   t h e  
interpolat ion snd extrapolation of the  present  data. 

The flow  characteristfcs in the propeller-shank region of the con- 
f igurat ion of  reference 1 are plot ted in f igure  18. It should be noted 
t h a t  a first a p p r o m t i o n   t o   t h e s e  curves  can be  mde by replacing  each 
set of cwves with s t r a i a t ,   p a r a l l e l   l i n e s ,  equally spaced.  This 
appraxFmation is closer for the local f l a r - a p e e e a t i o  curves than f o r  
the   f low-angle   c~rves ;~  ha-mver, propeller  assign is re la t ive ly  
in sens i t i ve   t o  moderate var is t ions  in   the  f low4ivergence angles- 

? 

Effects  of changes in   the  Inlet-veloci ty   ra t io  and angle of a t tack  
s. 

on the flow  characterist ics in the  propeller-shank  region of each con- 
f igurat ion of the  present  investigation a re  shown i n  ffg”e 19. A s  
listea in t sb l e  11, the local flow speeds and flow angles wera obtained 
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for  inlet”ve1ocity  ratios  ranging f r o m  0.51 to 0.68 for  the  high-peed 
conditione  and from 0.91 to 1.03 for  the  climb  conditions.  The flow 
characteristics  for  figure 19 and  for some of  the  folluwing  figures  were 
adjusted  to  values  corresponding  to  inletcvelocity  ratios  of 0.60 for the 
high-epeed  conditions  and 1.00 for the climb conditions by assuming  the 
linear  variation shown to be valid f o r  the  first  approximation of the  data 
from  reference 1. This was done  to  get  better  comparisons of the  effects 
of  the  different  variables on the several cowlings. These adjustments 
ahould  cause ,mall error in the  data. 

The variations of flow characteristics  with  inlet”ve1ocity  ratio 
for a = 2.50 (fig. 19) are  plotted from two  points, VIPo = 0.60 and 1.00. 
The pariation8 of Vz/Vo and # with a were  obtained  at  two  different 
inlet;velocity  ratios. For  Vi/Vo = 0.60 the f low characteristics are 
plotted for two points, a = 00 and 2.5O. For Vi/Vo = 1.00 the flow 
characteristics  are  plotted  for three points, a = 2.5O, 50, and 100. The 
small curvature in  the  three-oint  curves,together  with  the  trends  observed 
in  figure  18,indicate  that  connecting  the  twc-point  curves in this  figure 
with  straight  lines leads to small error. 

The local  flow-speed  ratios (fig.  19) near the  surfaces of‘ the spinner8 
of the severd cowling-spinner  combinations  increase  considerably  with 
increases  in  1nlet”velocity  ratio.  At  points  farther than the  cowling- 
inlet  radius  from  the  model  center  line  the  effects of inlet-relocity  ratio I 

on  the  local  flow-speed ratios w e  very emall. The  divergence of the  flow 
at  both  the  top  and the bottam of the  cowlings  decreases  with  increases 
in inlet-elocity  ratio. Near the  surfaces  of the spinners  these  vaziations 
of the flow angles with  idet”ve1ocity  ratio are lazrge and differ  widely 
for  the  different  couling-spilmer combinatiom;  at points of greater radii 
than  the  cawling  inlet,  however,  the flow angles vary only a small amount. 
with  inlet-velocity  ratio. 

1 

The local  fl-peed  ratios  and  flow angles in the  propel1er”aharik 
region  of  the  rotating  cowling are almost  constant and independent of 
inlet-velocity  ratio  (fig. 19 (f)) . 

Increase In the angle of attack  (at a constant  inlet-velocity  ratio) 
cause8  the  local  flow-speed  ratios in the  propeller-eharik  region  at  the 
top  of  the  model  generally to increase and those at the  bottom  to  decrease. 
The flow angles generally  become  more  positive at both the top and bottoln 
of the model with  increaaes in the a n g l e  of attack. These effects  are 
larger f o r  the cowling-epimer combinations  than  for  the  rotating  cowling. 

The flow characteristics  In  the  propeller-shank  region  of the 
cowling  configurations  investigated are readily  obtained for 
V I P o  X 0.a and 00 < a < 2.50 and  for Vf/Vo W 1.00 
and 2.50 < a, < 100 by the use of figure 19. Values of Vz/Vo 
and (d are read at the desired angle of  attack from the  curves  plotted 
for  the  inlet-velocity  ratio  closest  to  the  desired  one. These values 
are  then  corrected for Vifvo difference8 in the VI/Vo plot. For 
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example,  the flow characterietics for the NACA l - 7 & l ~  cowling with the 
NACA l-&OkO spinner for a = 10 and Vi/Vo = 0.70 will be found. In 
figure lg(b) from t he  a curves for Vi /Vo = 0.60 the  following values 
of V Z / V O  and @ are found at a = 10: 

These values are plot ted on the  plot  at  Vi/Vo = 0.60 d curve8 
parallel  to  the  corresponding y t / D  curves a r e  canstructed  through  these 
points. At V i f v o  = 0.70 the following deeired values of Vz/Vo and 9 
are read: r T 

35 

a 5 0  I 
For angles of attack and inlekelocity ratfos  outaide  the range of the 
variables  plotted in figure 19, the data may be extrapolated in the same 
manner,  but, of course,  wfth less assurance of accuracy. 

Effects of spinner  proportions.-T’h  effects of changes in the 
spinner-diameter  ratio and spinner-length  ratio on the local flow-speed 
ratios and flow angles in the  propelle-hank  region of the NACA l-7O-100 
cowling axe shown in figure 20. 

For the same spinner-length  ratio,  the local flowL-epeed ratios  show 
increases with an increase in the spinnerdiameter ratio;  this would be 
expect& from a consideration of the increased deviation of the strean+ 

* lines  adjacent to the spinners and, in the  case of the  high-apeed  conditions 



(low Vi/Vo),  the  reduction in  area of the low velocity  field in the 
region of inlet.  Increasing  the  spinner-length  ratio  for a = Oo caues 
the flow to  be  initially  deviated  farther  upstream so that  the flow speeds 
are closer  to  the  free-stream value fo r  the longer  spinner  at 0.u) ahead 
of the  inlet.  At a positive angle of attack  the  direction of the flow 
on the  under  side of the  spinners  tends  to  prevent  the  formation of thick 
boundmy layers so that an increase in the  spinner-length  ratio has little 
effect on the flawpeed ratios in this region. However, on the  top of 
the  spinners  (at a positive m e  of attack),  the  boundary  layers  tend  to 
thioken  with  increases  in  the  spinner-length  ratio so that the  local flaw 
speeds  near  the  spinner  are  lower in the  case of the longer spinner. 

The divergence of the flow doe8 not vary in a uniform manner with 
changes in either  spinnerdiameter  ratio  or  length  ratio, and it  appears 
that  for  each  inlet-srelocity  ratio  there is a spinner for  each  catling 
f o r  which  the flow deviation in the  region of the propeller shanks is a 
minlmum. In the  case of the  spinners of equal length it is  believed that 
this  phenamenon  results f r o m  the  decreases in internal4low quantity (for a 
constant  inlet-velocity  ratio)  assooiated  with  the  increases  .in spinner 
diameter  ratio.  The  data  obtained do  not  permit  determination of this 
characteristic  quantitatively. 

Local fl-peed ratios  and flow-angles downstream from the m e t  
of the NACA 1+*100 cowling  with  the NACA 1-40440 spinner  and  with no .. 
spinner are eharn in figure 21. It should be noted  that the flow charac- 
teristics of the  two  configuration8  are very nearly  the seme in the 
region in which a propeller  would be installed in a spimez-cmllng (0.2D to 
0.6D downstream f r o m  the  inlet). Data for  the XACA l-7O-lOO cowling  with 
different  spinners  (fig. 22) also show  that spinner proportions  do  not 
have large effects  on  the flow characteristics in this  region. Flow 
characteristics  downstream of the  inlet  obtained for cowlinwpinner com- 
binations may therefore  be uaed for  rotating  cawlings with e m a l l  error. 

= 

Effects of cowlinu propod3ms.- The effecta of changes in the 
cowlinpinletaiameter ratio and the  cawling-length  ratio on the  speeds 
and directions of the  flaw in the  propeller-shank  region are indicated in 
figure 23. The NACA l lccr040 epimer was used with  the  three  cowlings 
investigated. 

A comparison of the flow ch~racteristics in the  propeller-shank 
region  of  the NACA l-7O-lOO cowling end the  cowling  with  the  smaller  inlet- 
diameter  ratio,  the PJACA 1+>100 cowling,  ehowe  that  reducing  the  inlet- 
diameter  ratio  causes  the  point of minimum flow  epeed and the  point of maxim= flow deviation  to  shift  nearer  to  the  surface of the  spinner. In 
the  high-speed  conditions (Vi/Vo = 0.60; a = Oo, 2.50) the flowLepeed ratios 
in general axe closer  to  the fie-tream value for  the  cowling  with  the 
emaller  inlet-diameter  ratio and in the  climb  conditions  (Vi/V, = 1.00; il 
a = 2.5O, 50, 100) are  closer in  general  to  the  free-stream  value for the 
cowling  with  the  larger  inlet-diameter  ratio.  This  phenomenon  resulte .. 
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from the  8maJler  area  of  reduced  velocities Fn the  rcgion  of  the  inlet  for 
the  cowling  with  the amdler ialet-diameter  ratio In the  high-speed  condi- 
tions  (Vi/Vo = 0.60). The higher  inlet”Ve1ocity  ratios  requlrsd  for  the 
climb  conditions  cause  the flow speeds in the  region of the  inlet  to 
approach  f’ree-stream  values. The blunter  nose of the  cowling  with  the 
smaller inletdiameter  ratio  therefore  beccrmes  the  factor  which  reduces 
the  flow-peed  ratios in front of the nose t o  values  below  those  for  the 
cowling  with  the  larger  inlet-diameter  ratio. The blunter  nose of the 
smaller  inletdiameter-ratio  cowling  also  generally  causes  the flow- 
divergence angles to  be  greater. 

A comparison of the flow characteristics  for  the IWCA l - 7 S l O O  
cowling  and  the  cowling  with  the  shorter  length  ratio,  the NACA l-7M5O cowl- 
ing, shows  that a reduction in the  cawling-length  ratio  has  little  effect 
on the  location of the  points of minimum flow speed and the  points of maxL- 
mum flow deviation. A reduction in the  cowl-length  ratio  (which also 
makes the  cowling nose more  blunt)  generally make8 the flaw speeds more 
substream and increases  the  divergence  of  the flow. 

A s  previously  noted,  increasing  the angle of attack  increases  the 
flow-speed  ratios  above  the  spinner and decreesea  those  below. Also the 
angle of  divergence of the flow becomes more positive  both  above and below 
the  spinner  with  increamer in the angle of attack. 

L 

The approximate  effects of changes in the  cowling  proportions on the 
flow characteristics  downstream of the inlet (in  the  region of the  propeller) 

combinations  were  used  in  accordance  with  the obsemation noted in the 
preceding  section  that  the  presence of a spinner  affects  the flow charac- 
teristics  downstream of the  inlet by only amall amounts.  Decreases in 

. cowliwlength ratio  cause  the  f1ow”epeed  ratios  to  increase  while  changes 
in inlekliameter  ratio  for  cowlings of equal length  have only a small 
effect on the flow speeds  (especially  at  distances  greater than 0.D dawn- 
stream  from  the  inlet). These effects  result f r a m  the  fact  that  the mag- 
nitude of the flm-speed ratios  is a function of the  bluntness of cowling- 
lip  shape. (See discussion in reference 2). Decreases  in  cmlin@flet- 
diameter  ratio  cause  the flm-divergence angles to  become  larger  because 
of the  increased slope of the  cowling  surface; no such  increase in ma&- 
tude of the flow angles OCCUTS with a decreasre in cowling  length  because 
the  characteristics of the cowling with  the  emaller  length  ratio a r e  sham 
for a location  much  closer  to  the maximum diameter  station  than  for  the 
longer  cowlings, and consequently  the  magnitude of the flowdivergence 
angles  is less than  it  would be at a corresponding  location. 

s f o r  rotating  cowlings are sharn in figure 24. Data  for c a r l m i n n e r  

Effects of compressib1lity.- The Prandtl-Glauert  method ( m e  develop 
ment of which  is  given  in  reference 5) was used to estimate the  effects 

in which a propeller  would  normally  operate (0.D upstream from the  inlet). 
The theory w a s  developed for  a slender body of revolution  for  which  the 
departures  of  the  local  velocities f rom the  free“etream  velocity are  Bmau. 

* of compressibility on the speeds and directions  of  the flow in the  region 
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Obsiously  the  method is not  generally  applicable  to a cowling. When the 
inletqelooity  ratio is approximately  unity,  however,  the  results  obtained 
by the  Prandtl-CLauert  method  should  give a first-order  indication  of  the 
compressibility  effects,  except in the  immediate  vicinity of a stagnation 
point. The calculation6  were  confined,  therefore,to  the MACA 1-70450 cowl- 
ing  with  the NACA l”O4O spinner for  the  conditions  of a = 2.5O 
and. vi/vo = 1.0. 

The details of the  calculations  were aa follows: 

(1) The coordinates  of  the  cowling  and  spinner were stretched in the 

etream  direction by the  factor /= where M was  taken as 0.736, 

the  critical  Mach  number  of  the  installation.  (This  stretched  body would 
correspond  to an NACA 1-70-074 cowling  with an NACA 1&59 spinner). 

(2) The incremental  velocities u’ and v’ in the x and y direc- 
tions,  respectively,  were  obtained  for  the  stretched  body  for Mt = 0.1 
(essentially  incompressible flow). These perturbation  velocities  could 
be  calculated for incompressible  flow f’rom potential flow considerations 
by  the  aid of reference 6. In the  present inetame, however,  they  were 
obtained  from  linear  interpolation of the data for  th6 NACA 1-70450 cowling 
with  the NACA 1“440 spinner  (at  the  station 0.D ahead of the  inlet) I 

and  the  data  for  the NACA l-7O-1OO cowling  with  the NACA l”080 spinner 
(at  the  station 0.2D ahead of the  inlet). - 

(3) The incremental  velocities in the  propeller  region of the 
unstretched  body in compressible flow were  calculated from the  corresponding 
incremental  velocities  obtained in step (2) by the  relations 

The speeds and directiom of the  flow in the  propeller-ahank  region 
of  the NACA 1-70-050 cawling  with  the NACA 1-40440 eplnner, calculated 
for M = 0.736, m e  compared with  the  experimental values measured at 
M = 0.1 in  figure 25. For the  c&8e  investigated,  these  reaults  indicate 
that  within  thie  region  the large assumed increase in flight Mach number 
would  have  little  effect  on  the flaw anglee and  would  decrease  the loca l  
flow-apeed ratios  by lees than 0.1. The effect  of  Mach  number on the 
change of flaw-apeed  ratio  due  to  compressibility  at  the  point8  above and 
below the  spinner  where  this  change is the  greatest  is  shown  in  figure 26. 
It  should  be  noted  that  these  maximum  changes  in  flaw-speed  ratio are  q u i t e  
small, less than 0.03 up  to M = 0.5. Somewhat  greater  changee  would be 
expected for the  lower  inlet-velocity  ratios  which  correspond to the  high- 
speed  conditione and for  the  higher angles of attack  which  correspond  to 
the  climb  conditions. The reasonably small variation of the  flow-apeed 
ratios  with  Mach  number  for  the  caae  inveetigated,  however,  indicate6 
that,  with  respect  to  compressibility  effects,  the  data  presented  can  be 

a 

U 



A 

i! 

used  directly  for  propeller design at low and  moderate eubsonlc Mach nun+ 
bers.  Corrections,  which  can be roughly  estimated by reference  to 
figures 25 and 26, are neceeearg for application  of  the  data for propeller 
design  for high subsonic  Mach numbers. 

The present  study of flaw conditione in the  vertical  plane of symmetq 
of representative NACA l-series cowlings indicates  that.  the  gradients in 
the  speeds  and  directions of the flow are sufficient  to waxrent conaidera- 
tion in the  design of propeller ahanks or cuffs for c o w l w i n n e r  com- 
binations. The aadients are much less 8evere over the  cowling  where  the 
propeller  is  located in the case of the  rotating cowling. The basic flow- 
field  contours  (which  were  obtalned over a wide area in the vicinity of 
the cowlings and spinners) m e  presented.  Variations of the flow charac- 
teristics with the  several  variable8 &re shown only fo r  typical  propeller 
locations,  but  the  variations may be obtained f o r  other  locations f r o m  the 
basic  data. The results  appear  to be  directly  applicable  for  propeller 
desigu  for law and moderate  Mach  numbers; correctima for the effect of' 
Mach nmber are necess- f o r  high  subsonic  Mach  numbers. The flow condi- 
tions may be estima;ted for similm configuratlone  at angles of attack and 
inlet"ve1ocity  ratios of the  order of those  tested  through  application of 
the  data  presented. 

Langley Memorial  Aeronautical Laboratom 
National  Advisozy Camittee for  Aeronautics 

Langley Field, Va. 
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TABLE 1r.- KZY TO BASIC DATA 

t 
Inletruelocity ratio 

3 
a = oo 

h- 
c 

L 

T a = 2.50 

"""I. 

"""" 

0.91 
"""" - " " " - 
"""" 

"""" 

0.99 
"""" 

"""" 

"""" 

"""" 

1.03 
"""" 

"""" 

"""_ 
"""" 

1.00 ""- -0-  

"""" 

"" "- 
"" "- 
0 -93 
"" -" ""- 0" 

"".. "- 
1.02 
"" "- ""- "- 
"" -" 
"" "- 
1.00 
"" "- 
"" "- 

'c 

" 

a = 106 

-""" """_ _""" "_"" 
0.91 """_ ""-" -""" 
"I"" 

0.99 
""-" """_ 
""f" """_ 
1.03 

""-" """_ 
""" - -" " 
1.00 

"""I 

""" -""" """_ 
0.93 

""" 

""" 

""" 

-5"" 

1.02 

""-" - " " - - ""_" 
"" " 

1.00 
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Figure 3.- General view of model with tunnel not running. NACA 
NACA 1-40-040 spinner. 

1-70 -100 cowling with 
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VIPo = 0.91; a = -2.5O 

L.  - 

_.*., . *,. , . ... I ... 

v ~ / v ,  = 0.91; a = -5O 

V~~$, = 0.00: a = -2.50 

Figwe 4.- T u f t  photographs of NACA 1-70-100 cowling With NACA l-3O-&o Spinner 
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Figure 6 . -  T u f t  photographa of NACA l -7O- lOO oowling with VACA b50-040 spinner4 
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Vi/V, = 1.00; a = -50 

I 

Flgure 7.- T u f t  photographs of NACA 1-70-100 cowling with NACA 1-40-080  spinner. 
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Vi/vo = 0.53; u -2.50 Y i p o  = 0.93; a = -loo 

Figure 8.- T u f t  photographs of NACA 1-55-100 cowling with NACA l&O-&O apinner. 

VIP, 0.93; u = -50 

. .  





VIPo = 1.02; a = -2.5O Vi/V0 = 1.02; a = -50 V~/V, = 1.02; a = -10' 

Figure 9.- Tuft  photographa of NACA 1-55-100 aowling with no spinner. v 
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(a) vi/vo = 0.60; a = 0'. 
Flgure 23.-Effsct of ohangee fn cowllng-inlet-diameter r a t i o  and 

oowling-length r a t io  on l o c a l  flow-speed ratfos and flow anglee 
In propeller-shank  region (0.U upstream from i n l e t ) .  NACA 
1-40-040 spinners. 
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Figure 26.-~aximum difference between meaaured flow-aped rat io  (essentially 
Incompressible) and calculated compreaslble flow-speed rat io  a8 a function 
of Mach  number for  the conditions  specified In figure 25. 
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